Deoxyoligonucleotide probe cocktails were used to detect mRNA for immunoglobulin K light chain and immunoglobulin J chain genes. These genes are expressed in high copy number in cells actively producing polymeric immunoglobulin. Their use also facilitates the study of mutually and non-mutually exclusive cell populations.
In situ hybridisation is an important technique for identifying the site of specific gene transcription. 2 It has distinct advantages over other forms of nucleic acid assays, because it can localise gene expression with cellular accuracy.3
This study describes the development of a technique for the detection of specific mRNAs at a cellular level in routinely fixed paraffin embedded tissue sections and the simultaneous demonstration of cytoplasmic antigen by immunofluorescence.
Deoxyoligonucleotide probe cocktails were used to detect mRNA for immunoglobulin K light chain and immunoglobulin J chain genes. These genes are expressed in high copy number in cells actively producing polymeric immunoglobulin. Their use also facilitates the study of mutually and non-mutually exclusive cell populations.
Reliable and reproducible methods for detection of polyadenylated mRNA and immunoglobulin light chain mRNA in formalin fixed paraffin wax sections have been described.24 Modification of these techniques results in minimal interference with the immunofluorescent detection of cytoplasmic antigen.
Deoxyoligonucleotide cocktails were 3' labelled with the non-radioactive nucleotide analogue digoxigenin-l l-deoxyuridine triphosphate (digoxigenin-I l-dUTP). Hybrids were detected by a single step incubation with an alkaline phosphatase labelled antibody and visualised with Fast red/naphthol phosphate. Deoxyoligonucleotide labelling was achieved using a terminal deoxynucleotidyl transferase 3'end labelling reaction adapted from a previously described technique.4 Heteropolymer tail labelling was achieved with the non-radioactive nucleotide analogue digoxigenin-1 l-dUTP (Boehringer Mannheim, Germany, 1093088). Deoxyadenosine triphosphate was used as a "spacer" to facilitate multiple digoxigenin-11 -dUTP additions. Labelled oligonucleotides were purified through Sephadex G50 spun columns prepared with TRIS-EDTA,0 1 % sodium dodecyl sulphate.
HYBRIDISATION AND POST HYBRIDISATION
Excess fluid was removed from previously drained slides which were then flooded with 200 MI of hybridisation buffer. The J chain hybridisation cocktail contained 20% formamide (v/v), the K cocktail 50%. Slides were then placed in a humid chamber and maintained at 37'C for one hour in a hot air incubator. After this stage the slides were again drained and 50 pl of hybridisation buffer containing labelled deoxyoligonucleotide probe cocktail was added. Probe concentrations of 200 pg/sl for J chain, 500 pg/Il for K light chain were used. Sections were then covered with siliconised coverslips (dimethyl dichlorosilane), retumed to the humid chamber and incubator, and maintained at 37'C overnight. After hybridisation slides were transferred to 2 x SSC/30% formamide (v/v) prewarmed to 37'C. Post hybridisation washes then took the form of two 10 minute washes in 2 x SSC/30% formamide (v/v) at 37'C, followed by two further 10 minute washes in 2 x SSC at room temperature. No formamide was used in the K post hybridisation washes. Finally sections were placed in TRI S-buffered saline (TBS) (50 mM TRIS-HCI, 0-15M NaCl, 2 mM MgCl2 pH 7-6) containing 3% bovine serum albumin (Sigma UK, A7906), 0-1% Triton-X-100 (Merck UK 30632) at room temperature for at least 15 minutes.
PROBE AND IMMUNOGLOBULIN DETECTION
A sensitive single step detection system was used to detect subpicogram concentrations of labelled probe. Slides were flooded in TBS containing 1:600 alkaline phosphatase labelled sheep polyclonal anti-digoxigenin antibody (Boehringer Mannheim, Germany, 1093274) and 1:5 FITC conjugated rabbit F(ab')2 antihuman IgA (Dako UK, F316) or 1:5 FITC conjugated polyclonal sheep anti-human K (The Binding Site, UK, PF015) for 30 minutes. Slides were washed in TBS for five minutes and then transferred to demonstration solution for one hour. Demonstration solution took the form of Fast red (Sigma UK, F-1500) 50 mg; Levamisole (Sigma UK, L-9756) 24 mg; naphthol AS-MX phosphate (Sigma UK, N-5000) 50 mg; (predissolved in dimethylformamide) in 100 ml veronal acetate buffer, pH 9-2, and was filtered prior to use. After incubation, slides were washed in ultra-pure water and mounted in aqueous mounting medium. After initial inspection the sections were counterstained if required with Mayer's haematoxylin. MICROSCOPICAL fig 1A) and then under ultraviolet-excitation wavelength 490 nm (fig iB) . Cell 1 expresses J chain mRNA (red signal) but has no green (IgA) signal. In contrast, cell 3 is negative for J chain mRNA but positive for cytoplasmic IgA by immunofluorescence. Cell 2 is strongly positive for both, producing a yellow/orange signal . Fig 1 C shows the same three cells analysed with the confocal microscope. This is a composite picture of both red and green channels after each was independently digitalised, optimally focused, and normalised. mRNA K light chain and simultaneous IgA detection is illustrated in fig 2A ( x 400) . Double staining in this preparation viewed under ultraviolet (490 nm) before counterstaining produces a red nuclear signal within a green cytoplasmic signal of IgA. Double labelled cells, cells positive for K and negative for IgA, and vice-versa, can clearly be identified. The distribution of the three cell types identified was seldom uniform; cells of similar labelling were frequently grouped together. This presumably relates to their clonal origin. Figure 2B is the bright field counterpart to fig  2A and 
